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ABSTRACT 

We study the properties of the population of optically dark events present in a carefully se- 
lected complete sample of bright Swift long gamma-ray bursts. The high level of completeness 
in redshift of our sample (52 objects out of 58) allow us to establish the existence of a gen- 
uine dark population and we are able to estimate the maximum fraction of dark burst events 
(~ 30%) expected for the whole class of long gamma-ray burst. The redshift distribution of 
this population of dark bursts is similar to the one of the whole sample. Interestingly, the 
rest-frame X-ray luminosity (and the de-absorbed X-ray flux) of the sub-class of dark bursts 
is slightly higher than the average luminosity of the non-dark events. At the same time the 
prompt properties do not differ and the optical flux of dark events is at the lower tail of the op- 
tical flux distribution, corrected for Galactic absorption. All these properties suggest that dark 
bursts events generate in much denser environments with respect to normal bright events. We 
can therefore exclude the high-z and the low-density scenarios and conclude that the major 
cause of the origin of optically dark events is the dust extinction. 

Key words: Gamma-ray burst: general 



1 INTRODUCTION 

Gamma Ray Bursts (GRBs) are brief and intense flashes of high en- 
ergy gamma rays, originating at cosmological distances and often 
associated with radiation emitted at longer wavelengths for longer 
periods, identified as the afterglow. The afterglow is almost always 
detected in the X-ray band (for ~ 95% of the events detected by 
Swift-XKF; Evans et al. 2009) while the optical afterglow is not. 
The GRBs that have no optical afterglow or a very low optical-to- 
X-flux ratio are classified as "dark burst". Jakobsson et al. (2004) 
proposed that a GRB should be classified as "dark" if the slope of 
the spectral energy distribution between the optical and the X-ray 
band (/3ox) is < 0.5. This working definition is a direct impli- 
cation of the simplest fireball model. In fact, the spectral index /? 
(Fu oc is related to the power-law index of the electron en- 

ergy distribution (p) and the location of the cooling frequency {I'c), 
independently of the nature of circumburst environment (homoge- 
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neous or wind-like) and the collimation of the outflow (see Sari 
et al. 1998). The average value of /3ox is then expected to be be- 
tween 0.5 (if p=2 and i/c lies above the X-ray band) and 1.25 (if 
p=2.5 and z^c hes below the optical frequency). Therefore any op- 
tically sub-luminous burst should be located below a constant line 
/3ox ~ 0.5 in an optical vs. X-ray flux (/o — /x) diagram, pro- 
viding that the fluxes are estimated at a common time, chosen to 
be fobs = 11 hr post-burst (lakobsson et al. 2004). A slightly more 
elaborated method was presented by Rol et al. (2005) that com- 
pared the optical and X-rays fluxes at a given time extrapolating 
the latter to the optical band using not only the spectral index but 
also the temporal power-law index, in the context of the standard 
fireball model. Both lakobsson et al. (2004) and Rol et al. (2005) 
found similar results (~ 10 — 20% of possible dark bursts) on sam- 
ples of pre-Swift GRBs and these methods are still used as imme- 
diate diagnostic tools to discriminate between optically bright and 
dark bursts. 

Recently, van der Horst et al. (2009) proposed a new method 
for the optical classification of dark GRBs. Their method is less 
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affected by assumptions about the emitting region witfi respect to 
the one done in Jakobsson et al. (2004). They improved the previ- 
ous method by defining the region of optically (sub-luminous) dark 
bursts in the /?ox — /?x plane: they are located below the dividing 
line of /3ox = /3x — 0.5. In the same diagram, optically bright 
bursts are placed above the line /3ox = Px, while all the GRBs 
that are still consistent with the fireball model will lie in the region 
defined by the relations /3ox ~ Px and /3ox ~ Px — 0.5. Opti- 
cally bright events, for which the optical luminosity is too high if 
compared to the X-ray luminosity, are pretty rare, while there is a 
sizable fraction of events for which the X-ray emission seems to be 
in excess with respect to the observed optical one. 

Based on these definitions, studies on GRBs samples in the 
Swift-era showed that, despite an advancement on the ORB detec- 
tion quality both in the prompt response and position accuracy, the 
fraction of genuinely dark GRBs remains significant. Melandri et 
al. (2008), Cenko et al. (2009), Zheng et al. (2009), Gehrels et al. 
(2008), Fynbo et al. (2009) and Greiner et al. (201 1) found a frac- 
tion of dark GRB in their samples of about 50%, 50%, 20%, 20%, 
30% and 40% respectively. A higher fraction of dark GRBs is found 
in samples based on observations done by single ground based tele- 
scopes (i.e. the 2-m Liverpool and Faulkes Telescopes, Melandri et 
al. 2008; the 60-inch Palomar telescope, Cenko et al. 2009; the 2.2- 
m GROND telescope, Greiner et al. 201 1) while a smaller fraction 
is detected if the whole Swift sample is considered (Gehrels et al. 
2008 for GRBs up to end of 2007). This difference is certainly re- 
lated to the different properties of the GRBs samples considered. 
In any case the population of dark bursts seems to be ^ 20% of the 
entire GRB class. 

In the era of rapid follow-ups the darkness of these events 
could not be ascribed to lack of sensitivity, late observational times 
or rapid temporal decays (Roming et al. 2006, Melandri et al. 
2008). Different scenarios have been proposed to explain it: 

• low-density scenario: if the relativistic ejecta decelerate in a 
uniform low-density medium then the optical afterglow can be in- 
trinsically faint with respect to the X-ray emission; 

• dust scenario: if dark bursts are exploding in galaxies with lo- 
cal thick and dusty (i.e., high metallicity) environments (with pos- 
sibly some intervening systems along the line of sight) their optical 
afterglows could be suppressed by extinction, without thereby af- 
fecting their higher energy radiation. The extinction law character- 
ising the bursts environment might be similar to the one observed 
in the local Universe or biased toward large dust grains; 

• high redshift scenario: if the burst is occurring at very large 
distances, its visible light could be completely extinguished as a 
result of the absorption of the Ly-a forest and Ly-a dropout red- 
shifted into the optical bands. 

The latter explanation seems to be responsible for the non-detection 
only for a small fraction of the population of "dark burst" (Greiner 
et al. 2011), while a combination of the first two effects seems to 
be a more realistic scenario (Perley et al. 2009). 

In this paper, we will investigate the properties of the popula- 
tion of "dark burst" present in a complete sub-sample of Swift long 
GRBs, with a high percentage of redshift determination (Salvaterra 
et al. 201 1, Nava et al. 201 1). The use of a complete sub-sample of 
GRBs allowed us to draw more firm conclusions about the proper- 
ties of this class of events with no bias in the selection criteria. The 
text is organised as follows: in Section 2 we will describe the gen- 
eral properties of the dark bursts that belong to our selected sample. 
We then discuss the results on the dark bursts population, their red- 
shift distribution and their luminosity in Section 3 and finally we 



draw our conclusions in Section 4. Throughout the paper we as- 
sume a standard cosmology with with Hq = 70 km s~^ Mpc~^, 
= 0.3 and = 0.7. 



2 SAMPLE SELECTION 

The 58 GRBs in our sample have been selected to be relatively 
bright in the 15-150 keV Swift-HP^ band, i.e. with the 1-s peak 
photon flux P ^ 2.6 ph s^^ cm~^, and have favourable condi- 
tions for ground-based multi-wavelength follow-up observation^^ 
(Salvaterra et al. 2011, Nava et al. 2011). This corresponds to an 
instrument that is ~6 times less sensitive than Swift. Therefore, 
whatever GRB would have exploded in the sky with a flux equal 
or brighter than this limit, BAT would have detected for sure (if it 
was in its FOV). With this limit, no GRB would have been missed, 
in the meantime this value gives us also a reasonable number of 
GRB to perform statistical studies. Therefore our sample is com- 
plete with respect to this flux limit, it is of course biased toward 
the bright GRBs, but it is complete. Moreover, it turned out that 
~ 90% of these bursts have also a redshift determination (~ 95% 
have a constrained redshift). 

From the observed light curve of each burst in our sample (as 
reported in the Burst Analyser of Evans et al. 2010) we estimated 
the fluxes at tobs=l 1 hr in the X-rays {fx at 3 ke\B- 

In the optical 

band we used all the available public data to build the optical 
light curve, corrected for the Galactic absorption, and measure the 
optical flux (/o in the R filter) at t=tobs- We then used those two 
fluxes to calculate the values of the spectral index /3ox and we 
collected from the Spectrum Repository the values of the X-ray 
spectral index {fix) from the late time spectrum fit (Evans et al. 
2009). All values are reported in Table [T] For the majority of the 
bursts in our sample we were able to estimate the fluxes with good 
accuracy: in only one case (GRB 070328) it was not possible to 
estimate the optical flux due to the lack of optical observations. 
Instead, for the cases that had not enough detections to sample 
their decay, the value at 1 1 hr was estimated by interpolations and 
extrapolations of their observed light curve. We report below the 
assumptions that we made for these cases: 

- GRB 060814, GRB 061222A, GRB 070306, GRB 070521, 
GRB 080613B, GRB 090201, GRB 100621A: for these bursts we 
considered, as a conservative upper limit for /o, the closest (and 
deepest) upper limit (or detection) in the optical band to t=tobs- 
For these GRBs the individual times at which /o was estimated 
were 0.97, 0.54, 33.7 (host detection), 0.61, 10.7, 7.5 and 6.0 hr, 
respectively. This allow us to put a safe upper limit on /?ox; 

- GRB 060306, GRB 061021: for these bursts there were only few 
optical detections or upper limits so we needed to extrapolate /o 
from the closest observation to t=tobs, assuming an, = 1.0; 

- GRB 080603B: the last X-ray observation was acquired ^ 3.3 
hr after the burst. For this event we extrapolated fx assuming the 
observed decay slope ax ~ 1-8; 

- GRB 060904A: for this event there is a gap in the XRT data that 
does not allow us to constrain the value of /Sox- Using late time 

^ In particular we required that: i) the burst has been well localised by 
Swift-XKI and its coordinates quickly distributed; ii) the Galactic extinction 
in the burst direction is low, Ay < 0.5; iii) the GRB declination is —70° < 
(5 < 70° ; iv) the Sun-to-field distance is Og^^ > 55° and v) no nearby 
bright star is present. 

^ We take into account all the effects due to X-ray absorption, even if at 
this energy they are negligible, and so /x is the de-absorbed flux. 
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data acquired with the Photon Counting mode (PC, mean photon 
time arrival ~ 58.5 ks) we obtain /3x'-^=0.28lo 47 while using 
the data acquired with the Windowed Timing mode (WT, mean 
photon time arrival ~ 0.35 ks) the value is ^ = 1.07 ± 0.05. 
Moreover, there are no secure optical detections. Therefore, we 
could only put a conservative upper limit on the value of /o for 
this event. Due to this uncertainty we excluded this event from our 
analysis; 

- GRB 080602: only an optical upper limit at early time (~ 3.4 hr 
post burst, Malesani et al. 2008) is available for this event. Also 
the XRT observations stop after ~0.4 hr with a not well defined 
decay slope. This prevented us from estimating /o, /x and thus 
/3ox, with good accuracy. We excluded also this event from our 
analysis; 

- GRB 081221: as a conservative upper limit for the optical flux at 
t=tobs, we considered the only optical detection at ~ 9 hr, having 
in mind that this value could be contaminated by the host galaxy 
(Alfonso et al. 2008); 

- GRB 090709A: the optical decay of this event is not well defined 
since the afterglow has been detected in the R filter for only three 
epochs (Guidorzi et al. 2009, Cenko et al. 2010). We extrapolated 
the optical flux using the observed value of the optical decay 
(qr ~ 0.3) and we decided to consider this flux as conservative 
upper limit of /o ; 

- GRB 100615A: very conservatively we assumed the observed 
upper limit at ^ 0.3 hr (Nicuesa et al. 2010) as the upper limit for 
the optical flux. Even assuming the optical flux at such an early 
time, the /?ox remains pretty low (~ 0.06). In fact, the nature of 
this burst has already been analysed and discussed in detail by 
D'Elia et al. (201 1), showing how this event is indeed a very dark 
burst. 

After this analysis we ended up with a total of 55 GRBs (49 
with secure redshift) for which it was possible to estimate the value 
(or an upper limit) of /3ox at the observed time tobs=ll hr post- 
burst. 



3 RESULTS AND DISCUSSION 
3.1 Dark Bursts Population 

For all the GRBs in our sample we estimated the optical flux (/o) 
and the X-rays flux (/x) in the observed frame at a common time 
toba = 11 hr. Then we calculated the values of /3ox and we took the 
estimates of /3x from the Swift burst Spectrum Repository (late time 
PC-mode data, Evans et al. 2009). With these data we reproduced 
the dark bursts distribution of our sample according to the definition 
and diagram of Jakobsson et al. (2004) and van der Horst et al. 
(2009). The results are shown in Fig.[T] 

Following the practical definition of Jakobsson et al. (2004) 
we find a total of 18 GRBs lying below the /3ox = 0.5 
line: 10 of them are optically detected (9 with secure red- 
shift: GRB 050401, GRB 060210, GRB 071117, GRB 080319C, 
GRB 080607, GRB 081222, GRB 090102, GRB 090812 and 
GRB 090926B; 1 with no redshift: GRB 090709 A), while 
for the remaining 8 only upper limits in the optical bands 
are available (5 with redshift: GRB 060814, GRB 061222A, 
GRB 070306, GRB 070521 and GRB 100621A; 3 with no red- 
shift: GRB 081221, GRB 090201 and GRB 1006 15 A). In the 
/Sox — /3x plane defined by van der Horst et al. (2009) only 
11 out of these 18 events above (GRB 060210, GRB 060814, 
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Figure 1. Top panel: dark bursts distribution in our sample according to the 
definitions of Jakobsson et al. (2004). Open red circles and blue squares ai'e 
GRBs with secure redshift, while filled black circles ai'e the GRBs with no 
redshift measurement. Bottom panel: dark bursts distribution according to 
the definitions of van der Horst et al. (2009). The dimension of the symbol 
for both plots is a direct visual of the value of the redshift of the GRB, the 
larger the symbol the bigger the associated redshift. 

GRB 061222A, GRB 070306, GRB 071117, GRB 080607, 
GRB 081221, GRB 090201, GRB 090709 A, GRB 100615 A 
and GRB 100621 A) still fall into the region for the optically 
dark eventfl The remaining 7 (GRB 050401, GRB 080319C, 

^ One further event (GRB 060306) falls into the /3ox < /3x - 0.5 region. 
However, there ai'e lai'ge uncertainties in the extrapolation at to^s of the 
optical flux and we decided not to include this event in the list of secure dark 
bursts. We note that there also some indication from ii'-band observations 
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Table 2. Fraction of dark bursts in our sample according to the definitions 
of Jakobsson et al. (2004) and van der Horst et al. (2009). The third col- 
umn represents the strongest upper limit of the fraction of dark bursts when 
considering also the three excluded GRBs as possible dark bursts. 



Definition 


Dark Bursts 

% 


Max Dark Bursts 

% 


/9ox < 0.5 


32.7 


< 36.2 


/3ox < /3x - 0.5 


20.0 


< 25.9 



GRB 081222, GRB 090102, GRB 090812, ORB 090926B and 
ORB 050721) still have /?ox consistent with /3x - 0.5. 

The fraction of dark bursts in our sample, including both de- 
tections and optical upper limits, is ~ 32.7% (18 out of 55 events) 
according to the Jakobsson et al. (2004) definition and ^ 20.0% 
(11/55) with respect to the van der Horst et al. (2009) diagram. 
These results are similar to previous studies of dark bursts in the 
Swift-^vdi (Gehrels et al. 2008; Fynbo et al. 2009) confirming the 
existence of a genuine dark bursts population. Finally, if we include 
in our analysis also the three GRBs for which we do not have an 
accurate estimate of /^ox (events in italic font in Table[Tll we obtain 
a strong upper limit for the fraction of the population of dark bursts 
of ~ 36% in the case of Jakobsson et al. (2004) definition; the up- 
per limit is ~ 26% in the case of the van der Horst et al. (2009) 
definition, for which we consider also GRB 060306 as a possible 
dark (Tabled. 

We note that from our analysis GRB 050401 is not classified 
as dark in the van der Horst et al. (2009) diagram, while these au- 
thors classified it as dark. This difference is due to the fact that van 
der Horst et al. (2009) used the quick available X-ray spectral index 
/3x, while we decided to use the more accurate value from the late 
time spectrum. This choice should be more accurate as the average 
values of /3x is usually estimated around the chosen time for the 
measure of the optical and X-ray fluxes. 

3.2 Darkness evolution 

The historical choice to extrapolate the optical and X-ray fluxes to 
the common time tobs = 11 hr has been motivated by the need of 
measuring only the radiation arising from the afterglow component, 
ensuring the cessation of the possible central engine activity and the 
end of the plateau phase. However, the nature of a dark burst can 
be further investigated by looking at the evolution of its darkness. 
In principle, early and/or late time central engine activity can mask 
the real forward shock X-ray emission, adding an additional com- 
ponent that might be not so relevant at later times. Therefore the 
total flux in that band at early time would be higher than the ex- 
pected emission from the X-ray forward shock alone. The increase 
of the X-ray emission with respect to the optical one, for example 
during the so-called plateau phase, would change the value of /3ox 
and therefore the estimate of the darkness for some events (pre- 
viously noted also in Melandri et al. 2008). Flares are seen only 
for few events in our sample and they are not responsible for the 
darkness of the events in our sample. We investigated the darkness 
evolution of the GRBs in our sample by estimating, when possible, 

(Lamb et al. 2006) in favour of the dark nature of this object, therefore we 
include this event when we estimate the maximum fraction of dark bursts 
for the van der Horst et al. (2009) definition. 



the spectral index /3ox an earlier time t^i,;, = 600 s after the 
burst event. 

We then reclassified the dark bursts according to the defini- 
tion of van der Horst et al. (2009) and compared the values of 
/3ox at early and late times. Results are shown in Fig. |2] this di- 
agram is divided in four regions differently populated. The upper 
left quadrant is occupied by bright events (filled triangles) and by 
those events that are classified dark at early time but they are not 
dark at tobs = 11 hr (open symbols): typical example of this class is 
GRB 050416A, classified as dark at t=600 s, still dark at t=1000 s 
(Cenko et al. 2009, Perley et al. 2009) but no longer dark at late 
time. These are the events for which the central engine is proba- 
bly still active at early time. In the upper right quadrant are located 
the GRBs that are always bright. The bottom right quadrant is the 
region that would be populated by GRBs that are not dark at early 
time and that evolve to become dark at late time: this is an implausi- 
ble case and this region is indeed not populated. This region would 
be populated by bursts having an additional X-ray component at 
late time. Finally, in the bottom left quadrant we find those events 
that are classified as dark according to van der Horst et al. (2009) at 
any given time (filled squares), the events that are compatible with 
the criterium of van der Horst et al. (2009) at t=tobs or at \=\!ahs 
(open symbols), and also the remaining dark bursts according to 
the Jakobsson et al. (2004) definition only (filled circles). 

We note that, according to the definition of Jakobsson et al. 
(2004), the fraction of dark bursts at early time (~ 50%) is much 
higher than the fraction at late time (~ 33%, Table |2}, while with 
the criterium of van der Horst et al. (2009) these fractions are sim- 
ilar, being ~ 27% and ~ 20% at early and late time, respectively. 
This is clearly visible in Fig. [2] where some bright events popu- 
late the upper left quadrant. Such a high percentage of dark bursts 
was previously reported in works based on sample of GRBs ob- 
served with ground based facilities (Melandri et al. 2008, Cenko et 
al. 2009). In general we can say that bona fide dark events are the 
ones that are found to be dark both at early and late time (^ 14%, 
filled squares in Fig.|2j. This fraction increases to a maximum of 
~ 25 — 35% when considering only late time optical and X-ray 
emission. 

3.3 Dark Bursts redshift distribution 

Thanks to the high completeness in redshift of our sample we built 
the cumulative redshift distribution for the sub-class of optically 
dark bursts (Fig.[3]l. In this plot we show the distribution for our 
entire sample of GRBs together with the ones for dark bursts ac- 
cording to both definitions from literature ("DB Jak" for Jakobsson 
et al. 2004; "DB vdH" for van der Horst et al. 2009). To quantify 
the existence of a separated populations of optically dark bursts, 
we applied the Kolmogorov-Smimov statistic to our sub-sample of 
optically dark events. 

For both definitions we compared the distribution of dark 
bursts population to one of the whole sample, including (Zaii) and 
excluding (zno-Ds) the dark bursts considered. Results are re- 
ported in Table [3] where we quantify the maximum deviation be- 
tween the cumulative redshift distributions (D) and the associated 
probability that two set of data are drawn from the same distribution 
(P). In order to say something conclusive about two populations be- 
ing separated the value of P should be as lower as possible. Clearly, 
the sub-sample of dark bursts, independently by the definition, it 
is consistent with coming from the same population of the whole 
sample (Table 3). 

The range of redshift for the events in our sample belonging 



Dark Bursts population in a complete sample of bright LGRBs 5 




Figure 2. Dai'kiiess evolution from t^|^_, = 600 s to tobs = 11 hr of the 
events in our sample. See legend and main text for details about different 
symbols; "Jak" and "vdH" refer to Jakobsson et al. (2004) and van der Horst 
et al. (2009) dark burst definition, respectively. 



Figure 3. Cumulative redshift distribution of dark bursts (cyan and dark 
olive according to van der Horst et al. (2009) and Jakobsson et al. (2004) 
definition, respectively) compared with our whole sample (dark red). 



to the optically dark region spans from 0.54 up to 3.91. The contri- 
bution of high-z events in our sample for the dark bursts population 
can be estimated to be ^ 3.6%; in fact, only 2 events out of the 55 
that we considered in our analysis do not have a redshift determi- 
nation and can, in principle, be at very high-z. Theoretical models 
for GRBs redshift distribution predict 1 dark event at a redshift 
z > & (Salvaterra et al. 2011), that is indeed what we observe in 
our complete sample of 58 GRBs (Fig. [3}. This allow us to ascer- 
tain that the darkness of the fraction of bursts in our sample that 
satisfy the dark bursts definition of van der Horst et al. (2009) is 
not due to the so-called high redshift scenario. 

3.4 Dark Bursts X-ray Luminosity 

Using the observed X-ray fluxes we calculated the rest frame unab- 
sorbed X-ray luminosity for each event with secure redshift in our 
sample at a common rest-frame time t = 11 hr. We then investigated 
the properties of the sub-class of dark bursts compared to the bright 
bursts. 

VK-Swift studies of the X-ray properties of optically bright 
and dark bursts shows that the latter seems to be on average 5 times 
fainter in the X-ray band than optically bright events (de Pasquale 
et al. 2003). In their sample, de Pasquale and collaborators had 31 
GRBs, with 20 events belonging to the "dark" sub-class and the 
remaining 1 1 bursts with an optically detected afterglow. However, 
their definition of "dark" event was only based on the absence in 
the optical band of a detected afterglow, resulting in upper limits for 
the optical flux of these events. Using those upper limits to infer the 
upper limits on /3ox we find that only 3 events (of the 20 reported in 
their Table 1) would have been classified as dark bursts according to 
the definition of Jakobsson et al. (2004). Therefore their results are 
biased and not representative of the differences between the dark 
and bright populations. 

Instead, in our complete sample we have an indication that the 



Table 3. Result of the Kolmogorov-Smirnov tests for our sample. DB(Jak) 
are the events classified as dark according to the definition of Jakobsson et 
al. (2004), while DB(vdH) are the dark events following van der Horst et al. 
(2009). 



Samples 


D 


P 


2;DB(Jak) VS. Zall 


0.062 


0.999 


2^DB(vdH) VS. Zall 


0.122 


0.999 


^DB(Jak) VS. 2no-DB(Jak) 


0.065 


0.999 


2^DB(vdH) VS. 2no-DB(vdH) 


0.119 


0.999 


2DB(Jak) VS. 2db(.j,;]h) 


0.116 


0.999 


Observed frame 


fx,llli,DB VS fx,llh,no-DB 


0.517 


0.010 


fo,llh,DB VS fo,llh,no-DB 


0.767 


2.14 xlO-'"^ 


Rest frame 


Lx,llli,DB VS Lx,llh,no-DB 


0.461 


0.076 


Eiso,DB VS Eiso,no-DB 


0.375 


0.240 


Epeak,DB VS Epeak,no-DB 


0.225 


0.840 


Liso.DB VS Liso,no-DB 


0.350 


0.314 



observed X-ray fluxes of the dark events are, on average, larger than 
the fluxes of bright events. This is still true, but slightly less signif- 
icant (Table[3]for the results of the KS tests), when we consider the 
rest-frame X-ray luminosity. In Fig.|4]we show the histograms that 
summarise the properties of the dark population with respect to the 
standard bright bursts. The prompt properties, like Eiso, Epcak and 
Liso, do not differ and are still consistent with a single population of 
eventfl The class of dark bursts do show a clear difference on the 

* We compared the prompt properties of dark and bright events in our sam- 
ple using the values computed by Nava et al. (201 1). 
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l^i (^(. 11 hr) Log(f^ obs) [mjyj Log(fo obs) [mjy] 

Figure 4. Histograms of the properties of dark (cyan) and non-dark (dark red) events: dark bursts have similar prompt propeilies (here we show the estimated 
isotropic energy Ejjjo, the peak energy Epeaj^ and the isotropic luminosity Liso), higher X-ray luminosity (Lx) and observed flux (fx), and lower observed 
optical flux (fo)- 



amount of X-ray absorbing column density, having systematically 
higher column densities with respect to bright events, as studied in 
detail by Campana et al. (201 1). In the optical and X-ray bands the 
two classes seems to be well defined, although a clear dichotomy 
is not visible. The dark bursts are at the same time in the lower tail 
of the optical flux distribution and on the higher tail of the X-ray 
flux distribution. In other words they are consistently less luminous 
in optical and more luminous in X-rays. This is conserved and still 
visible in the high tail of the X-ray luminosity distribution (Fig.|4l(. 

The higher X-ray luminosity for some GRBs can be a direct 
consequence of the fact that the X-ray emission is the sum of emis- 
sion coming from internal and external processes, long lived cen- 
tral engine or late prompt emission (i.e., Ghisellini et al. 2007). An 
additional emission will enhance the X-ray emission with respect 
to the one expected from the forward shock emission alone. In the 
case of the dark population in our sample, the contribution of one of 
these components might be more pronounced, resulting in a higher 
X-ray luminosity than the "normal" events. However, this might be 
the explanation for those events that display an evolution of their 
darkness from early to late time, since this additional component 
might be more active at early times. As shown in Fig.|2]this is the 
case for few events that would be classified as dark at early time, 
that subsequently lost their darkness at later time (upper left quad- 
rant in Fig.|2}. None of the GRBs classified as dark in our sample 
display this behaviour and therefore, even if they tend to lie in the 
high end of the X-ray flux and luminosity distribution, this cannot 
be the explanation of their darkness. 

A possible explanation of the slightly higher X-ray luminosity 



of the dark bursts could be found in the different local environment 
of these event with respect to normal bursts. Dark bursts are the 
events that display the higher X-ray column densities (Campana 
et al. 2011), indication of a metal-rich environment where the ab- 
sorption is more efficient. In that case the A'h /A v ratio might be 
significantly lower for these events, that for a fixed value of A'^h 
translates into a higher value of Av- Therefore the attenuation of 
the X-ray emission for dark bursts can be significantly lower with 
respect to the absorption in their optical band. 



4 CONCLUSIONS 

We studied the properties of the sub-class of optically dark bursts 
detected in the complete sample of bright Swift long GRBs pre- 
sented in Salvaterra et al. (2011) and Nava et al. (2011). From our 
analysis we find that this population has the same redshift distribu- 
tion of the whole sample. Thanks to the high completeness in red- 
shift of this sample we have been able to confirm the existence of a 
genuine fraction {^^ 25 — 35%) of optically dark events. The ma- 
jority of those do not show any darkness evolution, being optically 
dark from very early time. Those events cannot be explained in the 
context of to the high-z scenario and we confidently exclude that 
their darkness is due to the Ly-a absorption in the optical bands. 

The dark bursts do not have different prompt properties com- 
pared to the normal events (see Table |3] and Fig. |4ll. However the 
former display lower optical flux and relatively higher X-ray flux 
with respect to the latter, as also noted by van der Horst et al. 
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(2009). In particular they are always located in the high tail of the 
X-ray luminosity distribution, showing that they are, at the same 
time, not only fainter in the optical but also brighter in the X-ray. 
Because we are dealing with bright prompt events, it is unlikely that 
the darkness of the events in our sample could be ascribed only to 
their intrinsic faintness or to rapid temporal decay. These bursts are 
indeed faint events in the optical band but they also have a slight 
excess of emission in the X-ray band (although the excess is not 
statistically significant as the optical deficiency). The higher X-ray 
column densities observed for the dark bursts in our sample (Cam- 
pana et al. 2011) clearly indicate that they formed in metal-rich 
environments where a fair amount of dust must be present. This 
disfavour the low-density scenario. 

Therefore the most plausible explanation is left to be found 
in the context of the dust scenario. Since we take into account the 
Galactic absorption, if this scenario is correct then the observed 
darkness is due to high local extinction in a dense environment or 
to absorption from intervening material. Unfortunately we do not 
have complete information regarding all the possible intervening 
systems that the light of these events may encounter along their 
lines of sight and probably this effect becomes relevant only for 
GRBs at high redshift (Campana et al. 2006, Campana et al. 2010). 
Therefore it can play a significant role only for a small fraction 
of dark bursts in our sample. The former possibility instead plays 
for sure an important role for a couple of events in our sample: 
ORB 060210 (Av > 4; Curran et al. 2007) and GRB 080607 
(Av ^ 3.5; Perley et al. 2009). 

High values of X-ray column densities are hint of high local 
absorption; however, we do not know what happens to the dust en- 
vironment in the vicinity of the GRB. Their prompt emission could, 
for example, alter the local dust composition, destroying small dust 
grains in favour of the bigger ones. This may change the extinc- 
tion law that will become flatter, nearly constant and independent 
from the observed wavelength, in the UV-optical band, with respect 
to the one commonly observed in the local Universe. This effect, 
known as gray dust, even if it is not easy to recognise was suc- 
cessfully invoked to explain few GRB spectral energy distributions 
(Stratta et al. 2005). We do not have clear hints of this scenario in 
our sub-sample of dark bursts but we cannot exclude that it plays 
a significant role. However the investigation of the "dust scenario" 
and the "gray dust scenario" needs a more detailed analysis of the 
spectral energy distribution of each single event in our sample; this 
is beyond the aim of this work and will be exhaustively treated in a 
dedicated forthcoming work. 

On the basis of our results we were able to understand more 
about the nature of dark bursts when compared to bright events: 

• they have similar prompt properties; 

• they have a higher X-ray flux and X-ray luminosity and, at the 
same time, lower optical flux; 

• they are located in different (denser) environments; 

• they cannot be explained in the context of the high-z or low- 
density scenarios; 

• their darkness must be mainly related to circum-burst dust ab- 
sorption. 
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Table 1. Properties of our samples: we reported the observed X-ray (fx) and optical (/o) fluxes at t =11 hr post burst together with the /3x from the Swift burst Spectrum Repository (Evans et al. 2009) and the 
estimated values of /3()x (at tobs = 11 hr) and /Sqx 'obs ~ ^P^^^^^ fluxes have been corrected for the Galactic absorption and obtained by: ° interpolation of the light curve; extrapolation of the light 

curve; assuming as a conservative value the closest upper limit (the exact times are reported in Section 2). GRBs with /3ox < 0-5 are in bold font, while in itahc we show the three GRBs that we excluded from 
our analysis (see main text for details). 
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